and autosomal dominant inheritance with low penetrance was proposed by Kemp ," Gates,'2 and Lowry and Kliman,l but most authors favour a multifactorial model.5 7 14 15 According to this model, multiple genetic factors combine with environmental factors during early pregnancy, between the eighth and fourteenth week after fertilisation, when hypospadias occurs from non-fusion of the urethral folds or lack of cannulation of the penile glans or both. Various maternal variables have been thought to be associated with the birth of cases of hypospadias, such as drug consumption before (oral contraceptives) or during pregnancy (progestins).3 5 8 16-21 Low birth weight3 7 8 1517 22 23 and birth order8 15 21 have been found to be associated with the birth of boys with hypospadias.
In the present paper, data on 176 cases of hypospadias delivered in Alsace, north-eastern France, during the period 1979 to 1987 are reported. A case control study allowed the examination ofthe association of genetic and environmental factors in the origin of hypospadias.
Material and methods
The material for this study came from 118 265 consecutive births of known outcome, including 814 stillborn babies, entered in our registry of congenital malformations, which is described elsewhere. 24 Briefly, the newborn infants in 11 hospitals were examined during the period 1 All were livebirths. Diagnosis was performed at birth in 156 cases, during the first week of life in 10 cases, and during the first year of life in seven cases. Three cases in whom hypospadias was associated with other malformations were diagnosed prenatally.
The distribution of the three types of hypospadias was 121 distal (68-7%), 44 penile (25 0%), and 11 (6-2%) perineal. There were 149 (84-6%) isolated cases and 27 (15 3%) associated with other malformations. Genital malformations like undescended testis, hydrocele, and scrotum malformations, regarded as closely associated with the pathogenetic mechanism causing hypospadias,'0 were considered as isolated cases. The other malformations are listed in table 1. The expected number of cases of hypospadias with another malformation of a specific type was calculated from the frequency of that specific malformation in multimalformed infants without hypospadias that had There was no demonstrable difference in our study between mothers of infants with or without hypospadias with regard to parity, previous abortion, menarche, characteristics of menstrual cycle, parental Table 3 Factors studied in relation to hypospadias.
95% confidence Factors
Odds ratio interval In our sample q=0-03587 (8/223). The heritability for first degree relatives was 56-9%.
Discussion
The birth prevalence of hypospadias in our region is similar to those reported in other studies and countries. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] In the ICBDMS study,'0 based on information from seven surveillance programmes located in different parts of the world, interprogramme variation in birth prevalence was observed. The authors believed that underascertainment alone could not explain this difference and that a true difference in birth prevalence exists, at least between South America and Mexico on one hand and Europe on the other. In the European countries examined, birth prevalence varies from 1-09 per 1000 in Denmark to 2-11 per 1000 in Hungary. Calzolari et a123 found a higher prevalence, 4-1 per 1000 male births, in Emilia Romagna: in this study, as in our series, no time trends were observed.
The severity of hypospadias in our sample was also similar to that recorded in other studies: 68-7% were distal, 24-8% penile, and 6-3% perineal. The frequency of the condition associated with other defects varies from 8 to 13%.2 8-1 22 23 In the ICBDMS study,'0 no specific malformation appeared to be more common among multimalformed infants with hypospadias than among such children without hypospadias. In a previous study, out of 27 hypospadic multimalformed infants, Kallen and Winberg22 found six children with Pierre-Robin sequence or isolated micrognathia and five cases with severe renal agenesis or dysgenesis. In our cases, out of 27 multimalformed infants, three had unilateral renal agenesis, five had vesicoureteral reflux, and four others had other urinary system malformations (one horseshoe kidney, one urethral valve, and two duplicated kidneys). This finding of a high frequency of urinary tract malformations could be related to systematic use ofultrasound examination, which allowed early diagnosis. Further studies are needed to verify this point. Several specific malforma-Stoll,Alembik, Roth, Dott tions appeared to be less common among our multiply malformed infants with hypospadias than among such infants without hypospadias (table 1) , especially (apart from urorenal anomalies) congenital heart disease, limb malformations, cerebral anomalies, and cleft lip/palate. The difference between our study and theICBDMS studyl' may be the result of the small number of cases of each malformation and the fact that the ICBDMS study considered only infants with at least three malformations. More penile and perineal hypospadias were observed than expected in children with additional malformations (table 2) .
First degree relatives of infants with hypospadias had more malformations other than hypospadias than the controls: 6-8% v 3-2%. This result should be taken into consideration in genetic counselling.
Among the numerous variables considered in the present study we did not find a higher proportion of early menarche (10 years of age or less) as did Calzolari et al,23 nor a relationship between hypospadias and maternal age or parity as did Kallen etal, 10 but our sample is probably too small to permit definitive conclusions. As in many other studies our boys with hypospadias tended to weigh less than normal, but the difference was not significant. Gestational age was not less in our cases. Placenta weight was decreased, which is in agreement with the suggestion of Kallen et allo that growth retardation and premature birth could be an effect of placental insufficiency. No seasonal variation was observed in the present material unlike in the study of Roberts and Lloyd. 2 Mothers of our boys with hypospadias were not exposed more often than mothers of controls to progestins, other drugs or toxins, or to occupational hazards. They had no higher incidence of threatened abortion or viral infection, or variation in the volume of amniotic fluid.
Kallen,27 studying 188 cases from Sweden, showed that women whose sons had hypospadias had a diagnosis of weak contractions more often than controls, a higher rate of induced deliveries, and also a higher rate of caesarean sections. This was not the case in our study.
Seven mothers of our cases of hypospadias were diabetic; the diabetes was the insulin dependent type and it was present before pregnancy. Only one of these diabetic women was the mother of an infant with multiple malformations, the child with adrenal hypoplasia. Since the study of Pedersen,28 it is worth noting that children of diabetic women are more often malformed than children of non-diabetic mothers, but hypospadias is not considered specific to children of diabetic women.
The question of twinning and hypospadias appears to be more complicated than previously thought.'0 Previous reports 2 Our data are not in favour of the hypothesis that risk factors could facilitate or determine the appearance of hypospadias through an endocrine mechanism.
